PCT 



WORU) ,NTm ^SS^cK 0R0ANl2A " n0N 




(21) International Application Number: PCT/IB99/0I882 

(22) International FUing Date: 25 November 1999 (25.1 1.99) 



(30) Priority Data: 
60/109,842 
09/448,772 



25 November 1998 (25.1 1.98) US 
24 November 1999 (24.1 1.99) US 



(71X72) Applicant and Inventor: NOBILEAU, Philippe [FR/FRV 
! X avenue Femand Martin, F-06230 VDleframSe^er (FR^ 



(81) ^^S^ r ^ AM. AT. AO. AZ. BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ. DE DK DM 

*fc, KO, Kj» KR, K2, LC, UC, LR, LS. LT LU LV ma 

SWF so ^ ^ Ro. % 

S OL w w *S ™' 114)1 Patent (AT. 

MC. NU PT. SE), OAPI patent (BF, BJ. CF. CG CI CM 
GA. ON. GW. ML. MR, NE. SN. TO. TC) ' ° K 

Published 

With international search report 

Before the expiration of the time limit for amending the 
cta^o he republished in the event of the receipt of 



(54) Title: LATERAL BRANCH JUNCTION FDR WELL CASING 
(57) Abstract 



A well casing junction (I I) con- 
nects an upper string of casing to a 
pair of lower or branch strings that di- 
verge from each other. The junction tool 
has an upper section (13) and a pair of 
branch sections (25, 27) that join the up- 
per section and each other. The junc- 
tion tool is collapsed for running into 
the well along with casing. To collapse, 
a force is applied to opposite sides to 
create identical, deep depressions in the 
opposite sides of the junction tooL Once 
in position, internal pressure forces the 
depressions outward to assume an ex- 
panded position. A support member (35) 
locates at the junction and between the 
two branch sections. 
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LATERAL BRANCH JUNCTION FOR WELL CASING 

Technical Field 
Background A * 

In recent years, well coasts technology has yielded substantial increases in we., 
hortzonta, drilled wens provide limited zona, isolation and do not always permit gj^i 

redn.1 the weU wten moving the production from one production zone to the next The chaise ^ 

capable wnhout re,ying only on the strength of the ,ocal rock formations 

Some prior art junction apparams designs are based on a low angie side branch casing 
connected toawmdowon the main boreho.e cash* Some pHor propose,, retire m situ roi ,, fag of 
-dow or a section in the main borehole casing. Milling stee, casing downho.e is a difficult 1 
Also, while there are numerous woDOsals for a_ u 

proposals tor sealing the branch liner casing to the window 

r^TTd^ ^^'^^^-^eramameter^' 
oHess than me dnuneter of me main borehole ensag ^ expaadiag it m sim „ ^ m 

in that design, the juDction ^ ^ ^ ^ ^ ^ 

2ri;^^ M ^^° f --^-»-onofmermgU 



Due to the side window based connecting link fc^ me main 

branch outlet, all these configurations offer noor mt«™i 8 

nngurauons otter poor internal pressure capacity and even more limited 

collapse capafchty when the junction is iocated in unconsolidated or weakly eonsoUdated formations 

The poor internal pressure capability and resistance to collapsing exists even when they are fully 

cemented rince cement does not wo* well inaction. It is therefore high* to ^ a 

juncnon „ offering good internal pressure and co.lapse canity to permit a wide freedom in 

Sunrmn^Y pf fnv^ytfj^ 

™e juration appa^tus in ffi ^ 
o ca^ng. A pair of branch section, join eacf, other at a junction with eaci, other and wim a ,o weZ 
of^upperseetion. Each bnuKh connects to a lower string of casing The apparatus is forced into . 
coUapsed configuration prior to nmning into me well. While in the well, the ap pai *us is expanded 
back to an expanded configuration. While in the collapsed position, a lower portion of the upper 
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section is deformed so that a pair of deep depressions or bights locates on the outer side, the 
depressions being 180 degrees apart from each other and facing in opposite directions. Also, these 
depressions extend into an upper portion of the branch sections. 

In addition, a support member is joined to the upper section at the junction, the support 
member having a tail section that extends between the branch sections. Tne support member has arms 
that extend upward and join the upper section. The tail section comprises a pair of braces 
interconnected by a web. Tlie web defines an inner separation wall between the two branch sections 
and preferably has a portion of substantially constant thickness. 

While in the well, internal pressure is applied to force the depressions to disappear. The upper 
section will expand in diameter. The branch sections move outward and assume a cylindrical 
configuration. 

Brief Description rflVnrinp 

Figure 1 is a side elevation*! view illustrating a junction apparatus in accordance with this 
invention connected into a main string of casing and shown in a collapsed position. 

Figure 2 is a side elevational view similar to Figure 1. but showing the junction apparatus 
expanded to a set position. 

Figure 3 is a sectional view of the junction apparatus of Figure 1, taken along the line 3-3 of 

Figure 1. 

Figure 4 is a sectional view similar to Figure 3, but taken along the line 4-4 of Figure 2 to 
show the apparatus expanded. 

Figure 5 is a sectional view of me junction apparatus of Figure 1, taken along the line 5-5 of 

1. 

Figure 6 is a sectional view similar to Figure 5. but taken along the line 6^ of Kgure 2 to 
show the apparatus expanded. 

Figure 7 is a sectional view of the junction apparatus of Figure I, taken along the line 7-7 of 

Figure 1. 

Figure 8 is a sectional view similar to Figure 7, but taken along the line 8-8 of Figure 2 to 
show the apparatus expanded 

Figure 9 is a sectional view of the junction apparatus of Figure 1, taken along the line 9-9 of 

Figure I. 

Figure 10 is a sectional view similar to Figure 9, but taken along the line 10-10 of Figure 2 to 
show the junction apparatus expanded. 

Figure 1 1 is a sectional view of the junction apparatus of Figure 1. taken along the line 1 1-1 1 
of Figure 1. 

Figure 12 is a view similar to Figure 1 1, but taken along the line 12-12 of Figure 2 to show the 
junction apparatus expanded. 

Figure 13 is a sectional view of the junction apparatus of Figure 1, taken along the line 13-13 
of Figure I. 

Figure 14 is a sectional view similar to Figure 13, but taken along the line 14-14 of Figure 2 to 
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show the junction apparatus expanded. 

Figure 15 is a sectional view of ihe junction apparatus of Figure I, taken along the line 15-15 
of Figure 1. 

Figure 16 i, a sectional view similar to Figure 15. but taken along the line 16-16 of Figure 2 to 
5 show the junction apparatus expanded. 

Figure 17 is a sectional view of the junction apparatus of Figure 1. taken along the line 17-17 
of Figure 1. 

Figure 18 Is a sectional perspective view of the junction similar to Figure 17, but taken along 
the line 18-18 of Figure 2 to show the junction apparatus expanded. 

10 Figure 19 is a sectional view of the junction apparatus of Figure 1, taken along the line 19-19 

ofFigure 1. 

Figure 20 is a sectional view similar to Figure 19. taken along the line 20-20 of Figure 2 to 
show the junction apparatus expanded. 

Figure 21 isasectional view of another embodiment of *e junction apparatus of Figure 1 
IS taken along the line 21-21 ofFigure I. 

Figure 22 is a sectional view of the junction apparatus simitar to Figure 4. but shown taken 
along the line 22-22 ofFigure 2 to show the junction apparatus expanded. 

Figure 23 is a perspective view of a support member for the junction apparatus ofFigure 2 

Figure 24 is an enlarged, partially sectional view of the support member of Figure 23 installed 
20 in the junction apparatus of Figure 2, 

Figure 25 Is a side elevational view of an alternate embodiment of a junction apparatus 
shown in an expanded position. 

Figure 26 is a sectional view of the junction tool ofFigure 25. taken along the line 26-26. 
Figure 27 is a sectional view similar to Figure 26. but showing the junction tool in a collapsed 

25 position. 

Figure 28 is a sectional view of the junction tool ofFigure 25. taken along the line 28-28. 
Figure 29 is a view similar to Figure 28. but showing the junction tool in a collapsed position. 

Figure 30 is a sectional view of the junction tool ofFigure 25. taken along the line of 30-30 of 
30 Figure 25. 

Figure 31 is a view simitar to Figure 40. but showing the junction tool in a collapsed position. 

Figure 32 is a sectional view of the junction tool of figure 25. taken along the line 32-32 of 
Figure 25. 

35 Best Mode for Carrying n.* rt.. \ mrnt \ m 

Referring to Figure I and 2. the junction apparatus or member 1 1 is connected into a string of 
casing and lowered into an open hole wellbore until it reaches an enlarged section of the wellbore. 
Junction member 1 1 then is pressurized by fluid pressure from the surface, causing it to move from the 
collapsed position in Figure 1 to the expanded set position of Figure 2. While in the expanded 
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position, junction member 11 resembles an inverted ^Y". Junction member II has an upper end 
section 13 that is cylindrical and connects into the string of casing that is being lowered into the 
wellbore. Upper end section 1 3 is the same diameter as the casing. An upper enlarged section 15 joins 
upper end section 13. having an upper end welded to the lower end of upper end section 15. Upper 
S enlarged section 15 is conical, diverging in a downward direction and resulting in a greater diameter at 
its lower end at section line 10-10 than at its upper end. Upper enlarged section 15 has an axis 16 that 
is inclined relative to main casing axis 1 7. 

A conical lower enlarged section 1 9 has an tipper end welded to pan of the lower end of upper 
enlarged section 15. In the embodiment shown, conical lower enlarged section 19 is much shorter in 
10 length than the length of upper enlarged section 15. Conical lower enlarged section 19 converges in a 
downward direction, as can be seen by comparing Figures 12 and 16. Conical lower enlarged section 
19 comprises one-half of a cone with a diameter at its lower end mat is substantially the same as the 
diameter of upper end section 1 3. 

A conical lower enlarged section 21 also joins the lower end of upper enlarged section 15. 
IS Conical lateral section 21 may be the same length as conical lower enlarged section 19. but is 
preferably of a lesser diameter. Both conical lower enlarged section 19 and 21 are joined together via a 
formed section 10 which contains U-shaped portion 43. Refening to Figure 12. conical lateral section 
21 forms the right half of junction member 1 1 at section line 12-12. with conical lower enlarged section 
19 forming the left half at that point Conical lower enlarged section 19 and lateral section 21 are 
20 welded to each other along their inner edges 23. the inner edges being in a plane that contains axis 16 
of upper enlarged section 15. The shape of junction member 1 1 at section line 12-12 is somewhat in 
the shape of a peanut, with a major dimension that is greater than a minor dimension. 

Referring again to Figure 2. a lower main section 25 of cylindrical configuration is welded to 
the lower end of conical lower enlarged section 19. Lower main section 25 joins the main casing 
25 branch (not shown) extending below and is coaxial with upper end section 13 and main axis 17. A 
lower lateral section 27 of cylindrical configuration is welded to the lower end of conical lateral section 
21. Lower lateral section 27 will support a string of lateral or branch casing (not shown). A drillable 
plug 29 is secured in lower lateral section 27. The diameter of lower lateral section 27 is preferably 
slightly smaller than the diameter of lower main section 25. Lower lateral section 27 is located on a 
lateral branch axis 31 that is at an acute angle relative to main casing axis 17. Upper enlarged section 
axis 16 bisects axes 17 and 31. with all mree axes 16, 17and31 being in a single plane. 

Referring to Figures 2. 23 and 24. a support member 35 is welded to the exterior of junction 
member II at the intersection of lower main section 25 and lower lateral section 27. These two 
sections join each other at the lower end of the conical lower enlarged section 19 and conical lateral 
section 21. The junction resembles a crotch area with the two legs being lower main branch portion 25 
and lower lateral branch portion 27. For clarity, support member 35 is not shown in Figure 1 . 

Support member 35 is generally in the configuration of a "Y", having two arms 37 and a leg 
41. Each arm 37 has ah enlarged portion 39 oh its outer end. The enlarged portions 39 are welded to 
the exterior of conical enlarged section 19 and conical lateral section 21 on opposite sides. Leg 41 



30 



35 



10 



WO 00/31375 " 5 " 

PCT/IB99/0I882 

curved upper portion between arms 37 abuts .gainst a U-shaped portion 43 formed * the crotch 
between conical lower enlarged section 19 end conical lateral section 21. 
Wtornonberllwmfi^befbnned^te^ 
5 to fee position .hownmF^ 

11 is collapsed by a folding machine (not shown) which bean against opposite tides, as shown la 
Figure 3 la the .yrnmetrical plan, causing the side walls to deflect inward, creating depressions or 
bights 45, 47 180* apart from each other. Bights 45. 47 increase in depth in a downward direction., 
on be seen by comparing Figure 3 to Figure 5. The shapes of bights 45, 47 will also change in a 
dowiiwart direction as can be seen by e«¥rtngFlgTO5,7,9JI,13,15,17aDdl9. 

mtho collapsed position shown, the enh^ 
aplanethatb«itatantiailyperpaidi^ Support member 

35 reduces stress dining the wuai^prc^ 

^wmbeacscest-shape^whflek^ 

undeflecwl A surface of revoliition of junction member 1 1 is cylindrical when junction member 11 is 
collapsed and no greater at any point than the oiiter diameter of ur^end section 13. 

anmg operation, junction merruxr II u 
section of the well that has been previously enlarged by reaming, taction nwnber 11 will be run 
wbik in the collapsed position of Figure 1. Then, hydraulic pressure is sapphed to the fluid contained 
in the main casing and injunction member 11. A plug (not shown) at the cement shoe (not shown) at 
tfclowrrermofthcrrutmcasmgern^ 

cnsfegindjtactlon manner 11. Tlrfapressrrre t^jnnrfon member 11 mexp^ 
wim lateral leg 27 nxrvmgcwwsrd. After reaching this position, a valve wffl be sbifled at the cement 
25 shoe to eennue cement to b«purnpeddfrwnw^whJ^ 
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When it is desired to drill the lateral weUbore, the operator uses a deflector (not shown) to 
cause the drill bittoeirter lateral leg 27. The drill bit drills out plug 29 and drills the lateral weUbore. 
I^cashtg erf srnailer diameter tiun the m^ 
30 wellrx« and supported by a har^mecharn^ The lateral casing win be , 



Figures 25-32 show an aJternamernlxxim^ Befaring to Figure 25, 

*»*^to<u491ia».cylindrfcalup^ Upper «etion 51, ,s shewn m Figure 26. can be' 

considenrftohavetwoh^orridewsllpor^ 

P«^51 % 51b«««Ky|mdrie«l^jome^<to Two branch sections 53 

55 join upper section 51 at. junction and extad downward as shown h, Figure 25. Fach branch 
secn«53.55mtet«b«inne^ Each branch seetJon 53. 55 inclmes rekrive 

to«lo 11 grt«rinai^57ofnp l) ersec^ 

have an inner sidewall portion 53a feat faces an hmer aidewall portion 55a of branch section 55 
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StaUaHy, branch 53 has an outer ha,f or sidewal, portion 53b that faces in an oppose direct 
and away from outer sidewal, portion 55b of branch section 55. 

Referring again to Figma*. a conical section 59 is.ocated a, the upper end of upper section 
SL Cornea, sect,on 59 join, a cy.indrica, «-«.-« wi« „ to . ^ „. ^fT- 

mto me we,,. Initial.y, bnuxh section 55 win be Cosed off with a driHab.e shoe 63 

shoe 63 is drilled out for drilling a branch well and n™. . • ,• Subsequently, 

section 55. 8 8 " "««■« ^>th branch 

As shown in Figure 32. a support member 65 locates where branch sections 53 55 w 

Major Mb 69 bisects equally each of the branch sections 53, 55. 

-II hn *. « H^. ^ n^nonti . te ^ fc ^ ™ '' 

= 5h Ion, . . _ ilmwy ^ ^ , ta ^ - - » » 

each arm 67 measured along minor axis 7 1 1 

» f^«^» F ^^^»^65-«.h,,.»«, nft , <M „^, m6 , ljid 

^-■^-'-^-■•-'--•■^---.-.-bJZl^ 

«^ ?« »th «ton «^ 75 rato ^ a,,,,^ 

«h o*, b, m n, .nnoltia* h, ^ * ^ „ . Bx Pism ~ 
^ - - - » . nation ta 2 «, « „ „„ JJZZZZ 

To n,™ in**, nppnnc „ „ te ^ ^ 

tier-man* sen-, „* ^ „ ^ _ ^ ^ ^ ^ - 
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The* defying too. press inward toward each o«hcr. each forming a single .arge depression or high, 
81. A, secoon .ine 26-26. the toner ends of nigh* 8. are neariy to „ching each other. Sigh* «, fa« 
outward in opposite directions from each other. When bights 81 are created, no, only will the 
dtmeaaon of upper section 5. shrink aiong major axis 69. but it will also shrink ahmg ^ nis 7 , 
Also, whtle collapsing, the upper ends of arms 67 move toward each other, resuhing in , colJd 
posiuon effective diameter 85. shown by the dotted lines. 

n»e same deforming tools also move outer sidewall portions 53b. 55b of branch section, 53 

b^T ';LCr own * Fi8urc * "* m - bi8hts 83 ** - - 

^ ^ M &CCS "» d ^«" - d - located along major axis 69. Tie inner 

surface* each bight 83 wO, touch web 73 a, the c^t miclmes, section 80. TT« effective diameter 
85 is the same as that in upper section 51. 

Referring to Figures 30 and 31. in the collapsed position, bights 83 wiU be in contact with the 
mtenor surface of the hmer ,idewaU portions 53, 55a. In the collapsed position, inner s^ 

sttckmgoutrib S 79.whichi S equaIlyspacedbetween. ^ 
Junction mo. 49 will be employed the same as in the firs, embodiment The operator wi„ 
apply hydrauhc pressure to the main casing and the Ju^on to., 49. The hydmulic pressure will caul 
junction too, 49 to move from the collapsed configuration to the expanded cm^on The 
operator then cements the casing and junction apparatus in the well. 

out I IT IT! ^ l0WCr dri " ^ *** ^ mU > braDCh «**■ * to drill 

utp^ 63 and to driU the other branch well. After drilling, casing for the other branch we,, wiTbe 

Wed through the upper string of casing and through branch section 55. A liner hanger will support 
the upper end of the second string of casing within branch section 55. 

oonosite I? TT ^ ** ^ * • 

oppostte stdes to form symmetrica, bight, provide, an effective means to reduce the overaH diameter 

IZT*Tl'! b ". m0VeraCnt ^ *° def ° med P ° Siti0n * *' « P^on while 
remforcmg the branch junctton to support high operating pressures. The stress relief radius reduces 

corner, betweea me web and the arms. The co„«ant thickness section in the web spread 
defbrrnanon m the highly loaded separating wall between the branches. 

While the invention has been shown in only two of its forms, i, should be apparent to those 

scope of the invention. 



WO (W31375 



- 8 - 



PCT/IB99/01882 



I CLAIM: 

1. In a well casing junction apparatus 1 1 or 49 for connecting an upper string of casing to a pair of 
lower strings of casing, having an upper section 15 or 59-51 with a longitudinal axis 17 or 57 and being 
adapted to be connected to the upper string of casing 13 or 61 above the apparatus, and a pair of 

5 branch sections 25, 27 or 53, 55 that join each other at a junction with each other and with a lower end 
of the upper section and extend downward from the upper section for connection to the lower strings of 
casing, the junction apparatus being movable due to the application of internal force from a collapsed 
position to an expanded position in which both of the branch sections are substantially cylindrical; the 
improvement comprising: 

10 a single depression 45 or 81 located on one side and a single depression 47 or 81 located on 

an opposite side of a lower portion of the upper section 15, 5 1 while the junction apparatus is in the 
collapsed position; and 

a single depression 45, 47 or 83 in an outer side of each of the branch sections that extends 
downward from one of the depressions 45, 47 or 8 1 from the upper section while the junction apparatus 
15 is in the collapsed position. 

2. The apparatus according to claim 1, wherein while in the collapsed position, each of the branch 
sections has an upper portion with an inner side figl7 or 53a, 55a that is deformed from its 
configuration while expanded. 

20 

3. The apparatus according to claim I, wherein while in the collapsed position, the depressions in die 
upper section 45, 47, 81 are substantially symmetrical, and the depressions in the branch sections 45, 
47,83 are substantially symmetrical. 

25 4. The apparatus according to claim 1 , wherein while in the collapsed position, the depressions on the 
outer side 53b, 55b extends inward into substantial contact with an interior surface of an inner side 53a, 
55a of each of the branch sections. 

5. The apparatus according to claim I, further comprising a support member 65 joined to the upper 
3 0 section at the junction, having a tail section mat extends between the branch sections and a pair of arms 
67, each of the arms extending upward and joining the upper section 51, and wherein a line equally 
bisecting the arms and passing through the axis of the upper section is substantially perpendicular to a 
line equally bisecting each of the branch sections and passing through the axis. 

35 6. The apparatus according to claim 5, wherein the tail section comprises a pair of ribs 79 
interconnected by a web 73 that is located in a plane that bisects the arms, the web defining an inner 
separation wall between the branch sections at the junction with the upper section and having an upper 
portion 80 located on the upper edge of substantially constant section. 
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7. The apparatus according to claim 5, wherein the arms 67 move farther apart from each other when 
moving from the collapsed position to the expanded position. 

8. Tne apparatus according to claim 5, further comprising stress relief notches 76 formed at a corner of 
5 each of the arms 67 with the tail section. 

9. A method for providing a junction between an upper string of casing 61 and two lower string, of 
casing, comprising: 



10 



15 



(a) providing a junction apparatus 1 lor 49 that comprises an upper section 15 or 51-59 and a 
pair of branch sections 25, 27 or 53, 55 mat join each other at a junction with each other and with a 
lower end of the upper section and extend downward from the upper section; 

(b) collapsing the junction apparatus into a smaller effective diameter by forming two 
oppositely feeing single depressions 45, 47 or 81, in a lower portion of the upper section, and forming a 
single depression 45. 47 or 83 in an outer side wall portion of each of the branch sections; 

(c) connecting the upper section of the junction 15 or 59 apparatus to the upper string of 
casing 13 or 61 and running the junction apparatus into the well while collapsed; 

(d) while the junction apparatus is in the well, applying an internal force to the junction 
apparatus to cause the depressions 45, 47 or 81, 83 in the lower portion of the upper section and in the 
branch sections to substantially disappear, and causing the branch sections 53. 55 to move apart from 

20 each other. 

10. TT« method according to claim 9. wherem step (d) b performed by a^rying inwnM fluid 
to the junction apparat us. 

25 ll.The method according to claim 9, wherein one of the lower strings of casing is attached to one of 
the branch sections prior to running the junction apparatus into the well. 

12. The method according to claim 1 1. wherein the other of the branch sections is plugged prior to 
running in the well, and stepfd) is performed by applying internal fluid pressure to the junction 

30 
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